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Abstract 
The paper analyzes the food industry in the Czech and Slovak economy. It utilizes two methods (Cobb-Douglas total factor 
productivity and Data envelopment analysis) and two data samples (the Czech statistical office firm database and Bisnode Inc. 
firm database) to test the hypotheses related to the development in the food sector after and during the years of the recent 
economic crisis. The results suggest that the labor productivity only decreased in the first years, 2007 and 2008. After that there 
is no statistically significant evidence about any negative effects in the years 2009 and 2010. We believe that this sector in both 
countries is capable to react to changes relatively quickly. We believe that this sector is fairly stable, not only thanks to the 
medium to large companies, which are more experienced with public support and utilize increasing returns to scale, but also 
thanks to the entrant firms that had higher productivity in Slovakia in 2014 and firms with internationally recognizable 
certificates in both countries in 2014. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
The following paper deals with an important industry sector, which is considered to be a key component of the 
national economy. It is an essential connection between the agricultural sector and the manufacturing industry and it 
also plays a significant role as a traditional industry (Vanþura, 2002). The aim of this paper is to analyze the impact 
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of the recent economic crisis on the food industry in the Czech and Slovak Republic. We will analyze the supply side 
by looking at the labor productivity of firms in the period of 2004-2014. 
Table 1. GDP shares of the food industry (NACE 10-12) in the Czech Republic and Slovakia 2004-2013. 
Country 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 
Czech Rep. 3.04% 2.77% 2.51% 2.29% 2.23% 2.48% 2.33% 2.31% 2.26% 2.23% 
Slovakia 2.25% 2.16% 2.18% 1.88% 1.82% 1.68% 1.61% 1.56% 1.56% 1.34% 
Source: Eurostat - National Accounts aggregates by industry 
Both countries are small, export oriented open economies. Food products represent only a fraction of exported 
goods. The GDP share of the food industry decreased in both countries between 2004 and 2013 (Table 1). There is 
no significant drastic change in the GDP shares in the beginning of the economic crisis in 2008. This gradual 
decrease can be partially explained by new market opportunities and new competitors in the EU markets that both 
countries joined in 2004.  
The current research that focuses on Czech and Slovak food sector is more oriented on the effectiveness of public 
support of firms in the food industry (Mezera & Spicka, 2013), which is closely related to competitiveness (Putiþova 
& Mezera, 2011) and international trade (Ubrežiová, BujĖáková, Kapsdorferová, & Majorová, 2009). Researchers 
also analyze the advantages and disadvantages given the skills of the labor force (Putiþova & Mezera, 2008).  
An important finding about the food industry competitiveness is that a monetary autonomy and the possibility to 
depreciate national currency is a significant factor that can increase competitiveness and the balance of trade in the 
times of economic crisis (Bandasz, 2013). The Czech Republic depreciated its national currency between 2008 and 
2014. On the other hand, Slovakia is a member of the Euro currency country club. Regardless of the economic 
crisis, Mattas and Tsakiridou (2010) point out the fact that the food industry is a relatively stable industry in 
comparison to other manufacturing industries, which suffer bankruptcy and insolvency in much higher intensity 
between 2008 and 2009. 
There are regional disparities in the productivity of small and medium enterprises (SMEs) in the Czech Republic, 
which depends on the level of wages (Novotná, Pavelka, & Alina, 2014). This is an important factor and SMEs can 
be major economic players in the times of economic crisis. The demand side of the market is studied by Cupák, 
Pokrivcák and Rizov (2015). Contra intuitively they suggest that demands for dairy products, fruits and vegetables 
are perceived as luxuries and price elastic. Cereals and meat are considered normal price inelastic goods.  
This paper will fill the necessary empirical gap in the current research and analyze the productivity issues in the 
food sector closely. There are several important factors and we are going to test following hypotheses with respect 
to the current research in the area of Czech and Slovak food industry: 
(1) Public companies in the Czech food sector were ineffective between 1997 and 2010 in comparison to domestic 
private companies.  
(2) The labor productivity follows decreasing returns to scale between 1997 and 2010 in the Czech Republic. 
(3) The impact of the years of economic crisis (2008-2010) on the productivity of firms was not statistically 
significant in the Czech Republic between 1997 and 2010. 
(4) The labor productivity follows constant returns to scale in 2014 in Czech and Slovak Republic. 
(5) The entrants in the food sector have significantly higher labor productivity in 2014 in the Czech and Slovak 
Republic. 
(6) Small firms (<50 employees) in the food industry are less cost efficient than large firms in 2014 in the Czech 
and Slovak Republic. 
(7) Firms with internationally recognizable certificates are more cost efficient in 2014 in the Czech and Slovak 
Republic. 
2. Material and methods 
Our analysis enters only food manufacturing companies. We identified them as companies with main activity in 
the Statistical classification of economic activities in the European Community (NACE) sectors 10, 11, and 12 (food 
products, beverages, and tobacco products). We only analyze food-manufacturing companies with one and more 
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employees. There are two data samples. One is from Czech statistical office (CZSO) and the other is from Bisnode 
Inc. (MagnusWeb). The first is aimed at the hypotheses dealing with Czech Republic. The other is aimed at 
hypotheses aimed at both countries in 2014. 
Table 2. Summary statistics of the food sector in the Czech Republic between 1997 and 2010. 
Variable Obs. Mean Std. Deviation Min Max 
Sales 414 1.96E+06 5.50E+06 0.00 3.88E+07 
Fixed assets 414 1.77E+06 4.50E+06 0.00 3.21E+07 
Labor productivity  414 1629.06 2478.27 0.00 29573.00 
Material and energy costs 405 4.72E+05 1.25E+06 0.00 1.10E+07 
Herfindahl Index (HHI) 414 6613.36 2364.54 2822.45 10000.00 
Number of employees 414 1533.94 3917.65 1.00 28946.00 
Age of the firm 314 8.12 4.75 0.00 20.00 
Multinational firm 390 0.38 0.49 0.00 1.00 
Public firm 390 0.14 0.34 0.00 1.00 
In the first data sample (CZSO 1997-2010) we can observe quite a high concentration (HHI) of firms in the 
industry (Table 2). Selected firms were on average 8 years old and relatively large. The financial variables are in 
thousands Czech crowns. This sample is not fully representative and lacks more micro enterprises. It rather 
describes the situation of medium and large companies. There are on average 38 % foreign owned companies and 14 
% public companies in the sample.  
We can observe two different national food industries (Table 3) in the second data sample (MagnusWeb 2014). 
In the Czech Republic we have 370 observations and again the average size of the firm is quite high (96 employees) 
and almost twice as higher than in Slovakia, if we abstract the heterogeneity of the firms and large standard 
deviations in every variable. Selected firms were on average 12-14 years old. The financial variables are in Czech 
crowns and Slovak financial data were converted using average annual Czech national bank CZK/EUR exchange 
rate (27.5325 CZK/EUR). This sample is relatively representative and again it comprises firms with 1 and more 
employees and nonzero fixed assets and sales. It describes the situation of all active companies. There are on 
average 11.3 % entrants, which we identified as firms not older than 3 years.  
Table 3. Summary statistics of the food sector in the Czech and Slovak Republic in 2014. 
Czech Republic Obs. Mean Std. Deviation Min Max 
Employees 370 96.41 228.82 1 2700 
Fixed assets  370 1.3E+08 3.94E+08 2000 3.80E+09 
Firm’s age 370 14.31 7.382183 0 24 
Sales 370 4.1E+08 1.02E+09 5000 9.42E+09 
Labor productivity 370 3.6E+06 5843163 2500 6.88E+07 
Entrant 370 0.1135 0.3176 0 1 
Slovakia Obs. Mean Std. Deviation Min Max 
Employees 604 49.49 108.73 1 973 
Fixed assets  604 6.3E+07 2.1E+08 7681.29 2.7E+09 
Firm’s age 604 12.66 6.87 1 38 
Sales 604 1.7E+08 4.9E+08 4129.88 4.52E+09 
Labor productivity 604 2.5E+06 4.3E+06 321.21 7.47E+07 
Entrant 604 0.1126 0.3163 0 1 
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Our first method is econometric verification using Cobb-Douglas total factor productivity production function 
(TFP). Its intensive expression (per employee variables) allowed us to observe possible returns to scale of labor 
force. The parametric estimation has its advantages and disadvantages and they are described in Van Breven (2012). 
The main disadvantages of the TFP approach are in the unreal assumption of perfect competition and strict 
exogeneity of variables on the right side of the equation.  
We will utilize the basic fixed effect estimation using OLS. Fixed effects (FEs) should capture time stable 
characteristics of firms in the food sector. We also tested more efficient random effect (RE) estimation method using 
a variation of the Hausman test. We were not able to use standard Hausman test due to the high heterogeneity in the 
data sample and in firms. Instead we used more effective Sragan-Hansen test (Arellano, 1993). All of the standard 
errors are reported as robust to cross-sectional heteroscedasticity and within serial correlation (Arellano, 1987). 
Fixed effects specification of labor productivity function: 
yit = ai + ߱ · Xit + Ȗ · Controlsit + ȣit  (1) 
where ai are fixed effects, the ߱·Xit represents the vector of basic components of the production function (fixed 
assets per employee, number of employees), the expression Ȗ·Controlsit is a vector of control variables that augments 
the production function, and ȣit is the error term. In the case of the random effect estimation method, the error term 
ai is replaced by the ȝit time specific error term. In case of Levinsohn, Petrin and Poi (2004) estimation method 
(LEVPET) there is a proxy control variable called “material and energy costs”, which captures and controls some of 
the productivity shocks. In the standard OLS cross-sectional estimation (MagnusWeb) the time dimension t and 
fixed effects ai are not present. The Cobb-Douglas function requires logarithmic transformation. In the case of 
observations with zero values we used the inverse hyperbolic sine transformation instead. 
To assess the technical effectiveness of firms in achieving high sales we employed the data envelopment analysis 
(DEA) in our analysis of the 2014 data (MagnusWeb). This method is nonparametric and measures all kind of input 
and output efficiency of the relatively homogenous decision making units (DMUs) i.e. firms (Charnes et al., 1978). 
Particularly, we utilize the BCC output model, which is named after the authors of the model - Banker, Charnes and 
Cooper (1984). This model assumes variable returns to scale that are decreasing at first then constant, and eventually 
increasing. 
A formal representation is given in the equation 2. We can describe the efficiency Eq as the relative input output 
efficiency of r inputs (xij – of jth firm and ith input) and m outputs (yij - of jth firm and ith output), where uk, k = 1,2,…, 
r, and vi, i = 1,2,…, m, are unknown weights assigned to the various inputs and outputs. It is usually appropriate to 
assign the minimum weights to the inputs and outputs, but we have a relatively high number of DMUs and low 
number of inputs and outputs so the possible bias will be relatively small (Jablonský and Dlouhý, 2004). 
DEA BCC approach to firm’s output efficiency: 
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where X is so called unlimited variable providing the necessary variability to the returns to scale. The weighs uk 
and vi are non-negative numbers thanks to the infinitesimal constant. In our DEA BCC model inputs, which can be 
technically substituted are defined as follows: The number of employees (full time head count), fixed assets, total 
costs, and the only output are total sales.  
The two sample hypotheses (6 and 7) are tested by the Wilcoxon’s rank-sum test (Wilcoxon, 1945), which is an 
unmatched data equality test of two independent variables: X1 (group variable, for example small firms) and X2 
(variable of interest, for example cost efficiency). The rank-sum test is reflected in the single z-test Wilcoxon 
statistics, which tests the null hypothesis of equality on a sample of n observations. The mean difference (which is a 
product of standard unpaired t-test that is possibly biased due to the lack of normality) between the groups is used as 
a rough approximation of equality dissimilarities under ceteris paribus condition. Multiple variable interactions were 
not allowed. The probability of Type I error was chosen to be Į=5 % (p < 0.05). 
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3. Results 
At first, we are going to analyze the results using the parametric labor productivity function method and use both 
data samples (CZSO and MagnusWeb). Our first set of hypotheses deals with the development in the Czech 
Republic between 1997 and 2010. We cannot reject the first hypothesis because public firms in the food industry 
were in the selected period up to 1.1 % less productive than a private domestic firm, which was a firm represented 
by a constant in the estimation process (Table 4).  
In the second hypothesis we assume the labor productivity to follow decreasing returns to scale between 1997 
and 2010 in the Czech Republic. It is because the data sample (CZSO) represents relatively larger companies (50+ 
employees) and underrepresents small and micro enterprises. The years 1997-2010 can be characterized by 
structural and institutional changes, which resulted in joining of the EU. We observe rather constant returns to scale 
(Table 4), especially if we control the time variables. One of the explanations is that foreign capital flowed into the 
Czech economy (Vokoun, 2015) and launched a form of innovation wave (transfer of know-how and new 
technologies of the foreign owners) also in the sector of the food industry. This resulted in structural changes and 
better labor cost effectiveness. 
The third hypothesis deals with the actual impact of the years 2007-2010 on the labor productivity. This impact is 
apparent but significant only in the years 2007 a 2008. The productivity drops about 4.5 % in the years 2007 and 
2008 but in the following years the impact was not statistically significant and we can even observe some positive 
development in some of the models (Table 4) between 2009 and 2010. 
Table 4. Food industry labor productivity in the Czech Republic between 1997 and 2010. 
Sales per employee (ihs) 
(1) (2) (3) (4) 
FE LEVPET FE LEVPET 
Fixed assets per employee (ihs) 0.401*** 0.544*** 0.407*** 0.529*** 
(0.08) (0.08) (0.08) (0.10) 
Number of employees (ihs) -0.224 -0.304** -0.214 -0.249* 
(0.25) (0.14) (0.25) (0.14) 
Year 2007 -0.894***  -1.001***  
 (0.32)  (0.34)  
Year 2008 -3.360***  -3.588***  
 (0.60)  (0.58)  
Year 2009 0.514*  0.435  
 (0.26)  (0.28)  
Year 2010 0.500*  0.431  
 (0.28)  (0.28)  
Herfindahl index (ihs)   0.606 -0.261 
   (0.51) (0.36) 
Public ownership (>50 %)   -0.815** -1.103** 
   (0.38) (0.47) 
Foreign ownership (>50 %)   0.444 0.240 
   (0.35) (0.28) 
Material and Energy costs (ihs)  0.263  0.318* 
 (0.22)  (0.18) 
Constant 6.178***  0.371  
 (1.46)  (4.80)  
Number of observations 414 405 390 383 
Adjusted R2 63.0 % N/A 63.3 % N/A 
Note: Robust standard errors in the parentheses below the coefficient.  
N/A – not available. (ihs) – Inverse hyperbolic sine transformation. 
* p < 0.10, ** p < 0.05, *** p < 0.01 
Next hypotheses deals with the 2014 Czech and Slovak data sample (MagnusWeb). This data sample is more 
representative and 55.6 % of the firms have 20 and less employees. We reject the fourth hypothesis because Czech 
and Slovak food industry follows increasing returns to scale when employing additional full time worker. 
Competition is a driving force in the food industry however only in the case of Slovakia where entrant firms have 
significantly higher productivity (0.32 %) than the non-entrant firm competing in the market of beverages, which is 
the default firm in the estimation process (Table 5). 
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Table 5. Food industry labor productivity in the Czech Republic and Slovakia in 2014. 
Sales per employee (ln) (5) Czech Rep.  
& Slovakia OLS 
(6) Czech Rep. (7) Slovakia 
OLS  OLS  
Fixed assets per employee (ln) 0.324*** 0.319*** 0.324*** 
(0.03) (0.05) (0.04) 
Number of employees (ln) 
0.155*** 0.161*** 0.146*** 
(0.02) (0.04) (0.03) 
Entrant firm (1-3 years) 0.232** 0.173 0.319** 
 (0.11) (0.19) (0.14) 
Slovak food industry -0.263***   
 (0.07)   
Food firms (NACE 10) -0.304*** -0.321** -0.292** 
(0.10) (0.15) (0.13) 
Tobacco firms (NACE 12) -3.247** -6.438*** -1.605* 
(1.44) (0.20) (0.84) 
Constant 9.759*** 9.814*** 9.500*** 
 (0.36) (0.57) (0.48) 
Number of observations 974 370 604 
Adjusted R2 24,7 % 34,5 % 19,4 % 
Note: Robust standard errors in the parentheses below the coefficient.  
(ln) - Logarithmic transformation. NACE – Nomenclature of Economic Activities.  
* p < 0.10, ** p < 0.05, *** p < 0.01 
The DEA BBC approach was used to compute the cost efficiency of firms using total costs, number of 
employees, total value of fixed assets as inputs, and total sales as outputs. The results from the previous analysis 
showed us that there are increasing returns to scale of labor force. The results from the DEA BCC model suggest 
that small firms (<50 employees) are less cost effective than larger firms (Table 6). The difference is much higher in 
Slovakia (19.4 %) than in the Czech Republic (7.8 %). Having an internationally recognizable certificate (ISO 
management of quality or Food safety certificates) contributes positively to cost efficiency in the Czech Republic 
(6.5%) and in Slovakia (15.4 %). 
Table 6. Cost efficiency evaluation of firms – selected differences in food industry 
in the Czech Republic and Slovakia in 2014. 
Food industry cost efficiency 
(DEA - BCC output Eq) 
Czech firms Slovak firms 
Mean (%) Obs. Mean (%) Obs. 
Medium-Large (benchmark) 86.90 % 126 79.85 % 140 
Small firms difference -7.81 % (z=4.99) 244 -19.42 % (z=9.96) 541 
Uncertified (benchmark) 79.61 % 248 61.68 % 560 
Certified firms difference +6.49 % (z=-4.48) 122 +15.41 % (z=-7.85) 121 
All firms 81.75 % 370 64.42 % 681 
4. Discussion 
The impact of the economic crisis to food industry was observable only partially. The main reason is that in the 
Czech Republic and in Slovakia, there are established medium to large companies that have internationally 
recognizable certificates and/or are foreign owned (transfer of know-how). The recovery of labor productivity was 
therefore relatively fast, at least in case of Czech Republic. Smaller companies have many disadvantages especially 
in case of the financial crisis. Larger companies are more likely more experienced when dealing with public support 
and all kind of subvention programs. However we can see in Slovakia that new firms are able to successfully 
compete. Entrant firms who are 3 and fewer years in the market have higher productivity.  
We are aware of the limitations of the parametric approach and the problematic assumptions of the Cobb-
Douglas production function. However the results obtained by the parametric approach correspond to the results 
obtained by a non-parametric approach. The second database (MagnusWeb) is more representative and includes 
more small enterprises. This allows us to see the nature of food industry in the Czech and Slovakia, which is 
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characterized by increasing returns to scale. The first dataset (CZSO) suggests that there are constant returns to 
scale, but it contains predominantly only medium to large companies, which follow similar returns to scale. 
We tested 7 hypotheses related to the economic crisis but most of them were aimed at the post-crisis situation. 
The data availability is problematic and every database has its weak spots. We could not perform an analysis using 
for example the World Bank enterprise survey database that has only about 10 firms with financial data for the 
Czech Republic and Slovakia. The World Bank database would allow us to test another interesting hypotheses 
related to innovation issues, public support and more. We believe that our analysis shed some light at the food 
industry issues. 
4. Conclusion 
The food industry is a relatively stable sector of the Czech and Slovak economy. The economic crisis decreased 
labor productivity in the first years (2007 and 2008). After that there is no statistically significant evidence about 
any negative food industry wide effects of the economic crisis in the following years (2009 and 2010). We believe 
that this sector in both analyzed countries is capable to react to changes relatively quickly. There are new entrant 
firms in Slovakia in 2014, which have higher productivity. There are firms with internationally recognizable 
certificates in both countries that are more cost effective than those without a certificate. Another aspect is that that 
the stability of the sector is based on medium to large firms, which are very capable of using all kind of public 
support and their advantage lies in increasing returns to scale which are beneficial to overall labor productivity. The 
only recommendation for economic policy is in decreasing burdens for new entrants to the food market in the Czech 
Republic and perhaps motivate firms in the food sector to obtain internationally recognizable certificates. 
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